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P R O  E X P E R I M E N T I S  

The Use of Airtight Culture Flasks in 
Anaerobic Studies 

The requ i rement  for oxygen  by  var ious  cell s trains 
cu l t iva ted  in  vitro has no t  ye t  been sys temat ica l ly  in- 
vest igated,  and m a n y  studies suffer f rom the  use of cul ture  
vessels which are no t  s t r ic t ly  a i r t ight .  This  cr i t ic ism ap- 
plies especial ly to repor ts  on anaerobic  cultures,  where the  
results  are conflicting. Fo r  example ,  HARRISI s ta tes  t h a t  
young  ra t  f ibroblasts  survive  and grow equal ly  well in the  
absence of oxygen  as in air, a l though  wi th  his electro-  
chemical  m e t h o d  of measur ing  the  oxygen  tens ion  an un- 
accountable  residual  current  consis tent ly  occurred in 
'oxygen-f ree '  condit ions,  and the  cul ture  conta iners  were 
sealed only  wi th  l iquid  paraffin,  suggest ing the  possibi l i ty  
of a s t eady  leak. DALES 2 and BIiOSEME~ and ROTTER 3 re- 
por t  t h a t  m a m m a l i a n  f ibroblasts  do grow anaerobical ly ,  
b u t  a t  reduced rates,  a l though again  the  degree of anaero-  
biosis in each case m a y  be quest ioned.  DALES used silicone 
s toppers  wi th  pieces of glass tub ing  for gas in le t  and out -  
let, bu t  did no t  say  how these  were sealed af ter  gassing, if 
a t  all. BROSEMER and lZUTTER do no t  describe the i r  
' special ly designed cul ture  vessels '  for control  of the  
gaseous env i ronment ,  so no j u d g m e n t  is possible. GIF- 
FORDd, who reports  va ry ing  degrees of surv iva l  of H e L a  
cells anaerobica l ly  according to the  cul ture  med ium em- 
ployed,  used the  re ten t ion  of posi t ive  pressure in flasks 
sealed wi th  rubber  d iaphragms  as an ind ica t ion  of air- 
t ightness.  As will  be shown below, this is no t  necessari ly a 
val id method .  

S t r ic t ly  anaerobic  condit ions can be obta ined  e i ther  by 
cont inuous ly  flushing cul tures  wi th  an absolute ly  oxygen-  
free a tmosphere ,  or  by  gassing flasks wi th  a near ly  
oxygen-free  a tmosphere  and sealing t h e m  complete ly ,  
al lowing the  cells to use up any  residual  oxygen.  Because  
of the  dif f icul ty  of knowing  whe ther  one has  an absolu te ly  
oxygen-free  gas, anaerobic  studies are  p robab ly  best  con- 
ducted  in t ru ly  a i r t igh t  flasks, 

I n  order  to  tes t  the  a i r t ightness  of flasks, use was made  
Of ~:~ILDES and MClNTOSH'S anaerobic  test  solut ion 5 made  
up of equal  par ts  of 6 × 10 -aM NaOH,  0.015% aqueous  
m e t h y l e n e  blue and 6% dextrose.  W h e n  heated ,  the  
me thy lene  blue is reduced to the  colorless leuco form by  
glucose; the  react ion was found to be negligible a t  room 
tempera tu re ,  abou t  3 ~moles/1/day in oxygen-free  condi-  
tions. On the  admission of oxygen,  the  blue, oxidized 
form of the  dye reappears.  

I t  was found empir ica l ly  t h a t  a t  a dep th  equal  to the  
th ickness  of a Tla cul ture  flask 6, the  l imit  of visual  detec-  
t ion of oxidized me thy lene  blue was be tween  1.56 × 10 -5 
and 1.56 × 10-SM. I f  2 ml  of tes t  solut ion are  placed in a 
15 ml cul ture  flask and decolorized, then  the  re turn  of a 
de tec table  blue color (1.56× 10-SM methy lene  blue) is 
ind ica t ive  of a m i n i m u m  oxygen  tension of app rox ima te ly  
0.0025% a t  20~C and 760 m m  Fig pressure, or  abou t  0.4 ~1 
O v The t ime  required for such recolor izat ion gives an 
e s t ima te  of the  ra te  of oxygen  en t ry  into the  system, and 
of its significance to ' anaerobic '  studies. Fo r  example ,  10" 
s t ra in  L mouse cells uti l ize around 5 tzl O2/h in air 7, and a 
15 ml  flask in which de tec tab le  blue appeared in 5 rain 
could therefore  supply  this n u m b e r  of cells wi th  near ly  
enough oxygen  to respire a t  a m a x i m u m  level. (Whether  
t h e y  would  in fact  respire m a x i m a l l y  a t  such a low oxygen  
tension is ano ther  quest ion,  which  m a y  well  depend  on 
the  s train of ceils being invest igated.)  

Because  i t  is of ten assumed t h a t  when a rubber  or  sili- 
cone s topper  is used a flask is a i r t ight ,  especial ly if i t  is 

coated  wi th  vasel ine-paraff in  (vaspar) mixtures ,  this 
po in t  was tes ted.  A T15 flask conta in ing  decolorized tes t  
solution was closed wi th  a silicone rubber  s topper  con- 
ta in ing  two fine glass tubes,  one for a gas inlet  and one for 
the  out le t .  Af te r  gassing wi th  oxygen-free  ni t rogen,  the  
flask was sealed by  mel t ing  the  t ips of the  glass tubing.  In  
a few minutes  the  me thy lene  blue began  to recolorize. The  
same resul t  was a lways  obta ined,  even  if the  s topper  was 
coated  wi th  vaspar .  

I t  appeared  possible t h a t  the  pores of the  s toppers  
themselves  conta ined  suff icient  oxygen  to  reoxidize the  
me thy lene  blue. This  was tes ted  by  cons t ruc t ing  a large 
Y-tube,  two ends of which were closed. In to  one a rm 
pieces of s topper  were placed, and into  the  other,  an ali- 
q u o t  of decolorized anaerobic  t es t  solution.  The  tube  was 
gassed wi th  ni t rogen,  then  sealed by  fusing the open a rm 
in a flame. I n  a shor t  t ime  the  s toppers  had  released 
enough oxygen  to par t i a l ly  recolorize the  me thy lene  blue. 
In  Y- tubes  conta in ing  only  tes t  solut ion no recolorizat ion 
occurred.  Therefore ,  silicone s toppers  conta in  a demon-  
s t rable  a m o u n t  of oxygen  in the i r  pores, which is released 
into the flasks. A l though  publ ished da t a  on the  permea-  
bi l i ty  to oxygen  of silicone s toppers  are no t  avai lable ,  the  
pe rmeab i l i t y  to air  of var ious  vulcanized  rubbers  is of the  
order  of 10 -1° cm3/cm~/cm th ickness /cm Hg/sec,  or, for a 
pressure difference of 15 cm Fig, 0.005 fzl/h of oxygen  
th rough  a uni t  cube.  This  is two  to  three  orders  of magni -  
tude  less than  the  ra te  found here, and suggests t h a t  oxy-  
gen in the  pores of the  s topper  and leaks around the  edges 
of the  s topper  and a round the  pieces of glass tub ing  were 
the  ma jo r  factors in oxygen  entry .  

Mainta ining a posi t ive  pressure inside a flask sealed 
wi th  a rubber  membrane ,  as used by  GIFFOI~D a, does no t  
demons t ra t e  the  absence of oxygen  en t ry  in to  the  flask 
unless i t  can be  shown t h a t  no decrease in the  in terna l  
pressure has t aken  place dur ing  the  exper imenta l  period. 
If  we assume t h a t  the m e m b r a n e  is chemical ly  iner t  and 
behaves  s imilar ly  towards  oxygen  and nitrogen,  a con- 
s iderat ion of t he  laws of par t ia l  pressure and the  kinet ics  
of gas m o v e m e n t  into and ou t  of a flask which contains  
98% N 2 a t  1.026 atmospheres ,  as used by  GIFFORD 4, 
shows t h a t  for eve ry  1.23 molecules  of n i t rogen  leaving 
the  flask, I molecule of oxygen  enters.  (GRAHAM'S law of 
effusion s can be used to calculate  the  rates,  ri ,  and ro,,t, 
for the  m o v e m e n t  of bo th  n i t rogen and oxygen  a t  the  
pressures s ta ted.  The  ra t io  of (ro,,t--ri,)x,/(ri,--rout)o~ then  
gives the  ne t  m o v e m e n t  of n i t rogen o u t  of the flask 
per  un i t  oxygen  entering.)  I n  a flask of 30 ml  volume,  
con ta in ing  3 × 10~ cells (as used by  GIFFORD) respir ing 
a t  a round 15 ~l/h, an inward diffusion of oxygen  suff icient  
to supp ly  these cells for one day  (300 lzl 03) would occur  
s imul taneous ly  wi th  a loss of 369 V1 ni trogen,  and a drop 
in posi t ive  pressure f rom the  original  level  of 1.026 a tmos-  
pheres to  one of 1.014 a tmospheres ,  assuming t h a t  the  
cells use up all the  oxygen  and  no gaseous CO~ is pro- 
duced by them.  I t  should also be noted t h a t  routN, is 
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based on the  ini t ia l  n i t rogen pressure,  and the  ra te  of ne t  
loss of n i t rogen  will  decrease as t he  in te rna l  pressure 
drops, whereas,  assuming the  oxygen  is ut i l ized by  the  
cells, its ra te  of en t ry  will r emain  unchanged.  

In  order  to overcome the  possibi l i ty  of uncontro l led  
leakage of oxygen  into cul ture  flasks, T15 flasks were 
modif ied as shown in the  Figure,  t he  ground jo in ts  being 
lubr icated wi th  h i g h - v a c u u m  silicone grease. W h e n  such 
flasks were tes ted  by  the  m e t h o d  described above,  no re- 
colorizat ion of the  me thy lene  blue was observed,  even  
af ter  e ight  days,  a l t hough  as soon as" t he  flasks were 
opened to air  the  color re turned.  Less t h a n  2 izt of O2 
therefore  had  en te red  such a flask dur ing  this t ime,  even  
after  a l lowance for the  reverse  (reduction) react ion.  A 
rubber  band  fas tened to the  ' r abb i t  ears '  insured a t igh t  
seal when  the  flasks were used a t  a higher  t empera tu re  
(37 o C) in the  incubator .  

Because  we know so l i t t le  abou t  the  respi ra t ion  and 
g r o ~ t h  of cells cu l tured  a t  reduced  oxygen  tensions, i t  is 
clear t h a t  s t a t emen t s  regard ing  the  abi l i ty  of cells to  sur- 
v ive  and  grow in the  absence of oxygen  are no t  va l id  un-  

less i t  can  be shown t h a t  t r u ly  anaerobic  condi t ions  h a v e  
been main ta ined .  I t  is qu i te  possible t h a t  the re  exists  a 
m i n i m u m  oxygen  tension,  a t  which  cells m a y  respire 
submaximal ly ,  where  g rowth  is no t  inhibi ted,  and t h a t  
below this  po in t  g rowth  is progress ively  slowed and 
even tua l ly  s topped,  whereupon  cell dea th  ensues. In  a 
fur ther  paper  ev idence  in suppor t  of this  v iew will be 
presented  for cul tures  of adu l t  mouse  fibroblastsg.  

Zusammen/assung. Eine  kr i t i sche Un te r suchung  ver -  
schiedener  Methoden  ffir anaerobe  Gewebsku l tu r  zeigte, 
dass in den  meis ten  E in r i ch tungen  die Anwesenhe i t  yon  
Sauers toff  n icht  ausgeschlossen werden  kann.  E ine  Modi- 
f ikat ion des s tandardis ier ten  Kulturgef~sses  wurde  ent-  
wickelt ,  die das Ha l t en  der  Ku l tu r en  un t e r  v611igem Luf t -  
abschluss m6glich macht .  
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Serienbestimmung der Phospholipase- 
A-Aktivittit in chromatographischen Fraktionen 

Zur  Auswer tung  chromatograph i scher  Trennungen  von  
t ier ischen Gif ten en twicke l ten  wi t  ein einfaches, fiir 
Ser ienbes t immungen  geeignetes Verfahren zum Nach-  
weis yon Phosphol ipase  A. In  unserer  Methode m a c h t e n  
wir  uns die E n t d e c k u n g  yon  HANAHAN 1 zunutze,  dass 
Phosphol ipase  A auch in i i therischer L6sung aus Lec i th in  
eine Fet tsEure  abspal te t .  Das en ts tehende  Lysolec i th in  
ist  in _~ther schwer 16slich und  f~llt aus. 

Von  den zu un te r suchenden  F rak t ionen  werden  0 ,01-  
0,02 ml  in Reagenzgli iser  p ipe t t i e r t  und  1 ml  einer Atheri- 
schen Leci th in l6sung zugeffigt.  Nach  Durchmischen  wird 
die Serie der  R6hrchen  in b e s t i m m t e n  Zei tabs t~nden be- 
obach te t  und verzeichnet ,  welche R6hrchen  eine Tr i ibung 
du tch  ausgefallenes Lysolec i th in  zeigen. Markier t  man  die 
posi t iven R6hrchen  auf  e inem D i a g r a m m  mi t  e inem 
Kreuz and  kreuz t  man  bei jeder  neuen Ablesung auch die 
schon vo rhe r  posi t iv  gewesenen R6hrchen  wieder  an, so 
erhXlt m a n  eine Dars te l lung,  die das  M a x i m u m  und  die 
Ver te i lung  des Fe rmen te s  in der  Frakt ionsser ie  e rkennen 
l~sst (Figur). 

Die Leci th inl6sung bes teh t  aus ) [ ther  (] 00 vol), Picol in 
(10 vol) und  4,5 mmola r  wi~ssriger L6sung yon CaC12 
(1 vol). In  100 ml  dieser Mischung werden  1 g gereinigtes 
Leci th in  gel6st. Zur I~einigung wurde  Ovo-Lec i th in  
(Merck) in Chloroform-Methanol  (1: 1) gelSst und an Al~O8 
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(Woelm, neutral)  ch romatograph ie r t  2. Bei ki ihler  und 
dunkler  Aufbewahrung  ist  die L6sung p rak t i sch  unbe-  
g renz t  brauehbar .  Schwier igkei ten kiSnnen dann  auf-  
t re ten,  wenn  ftir die Chromatograph ic  der  Phosphol ipase  

rain 
2, 

5 

10 

~5 

50 

120 

# + 4 - +  

1 

j + +  + +  + + 

+ + + + + + + + +  

o,8 

o? 

o,6 

o~ 

o,3 

o,z 

o,1 

- #  I , ,  

20 3'0 
A b t r e n n u n g  v o n  P h o s p h o l i p a s e  A ans  e inem vorgere ln ig~en Bienen-  
gift an Sephadex G 75 (50 × 1,5 em S~ule) in Wasser. Abszisse: Zahl 
der Fraktionen h 2 ml. Ausgezogene Linie: Proteinmenge nach 
Folin-Lowrya Kreuze: Positiver Ausfall des Phospholipase-A-Tests. 
Bei der Ablesung nach 2 rain waren positiv ROhrchen 21-27, nach 
5 rain auch Rohr 29 und schliesslich nach 2 halle weiteren RShrchen 

bis  Nr ,  37. 


